Abstract. A total of 35 morphological characters (biometry, scalation, chromatic pattern) were studied through multivariate analyses on 10 populations sampled across the range of the Iberian wall lizard (Podarcis hispanica) in Portugal. Biometry clearly splits the samples into two different types. Differences in scalation between the two types were not clear, but multiple correspondence analyses showed that different chromatic patterns t each of the types: one presented dark dorsal patterns (e.g. reticulated, eyeled, striped) and whitish-pearly belly, while the other showed green or yellow-brown patterns and yellow-orange belly. These two morphotypes constitute different molecular lineages and have different ranges of distribution.
Introduction
The Iberian Wall Lizard, Podarcis hispanica Steindachner, 1870 is a polymorphic species found in SW France, Iberian Peninsula (except in the northernmost border area) and NW Africa (Salvador, 1974 (Salvador, , 1986 Pérez-Mellado and Galindo, 1986; Guillaume, 1987 Guillaume, , 1997 Pérez-Mellado, 1997 . Its type locality is Mount Agudo, near Murcia (SE Spain), restricted by Mertens and Müller (1928) . Several subspecies and forms have been recognised (Boulenger, 1905 (Boulenger, , 1920 Guillaume, 1987; Géniez, 2001 ). The nominal subspecies was restricted to SE Spain, while the greenish P. h. vaucheri Boulenger, 1905 was both reported in NW Africa and SW Iberia (Boulenger, 1905 (Boulenger, , 1920 Klemmer, 1959; Salvador, 1974 Salvador, , 1986 Guillaume, 1987) . Podarcis h. liolepis Boulenger, 1905 was recorded in NE Spain. The insular lizard that inhabits Mt. Urgull and the island of Santa Clara (off San Sebastian, The Basque Country, Spain) was renamed as P. h. sebastiani . The brownish P. h. cebennensis Guillaume & Géniez in Fretey, 1986 was reported in SW France and North of Catalonia, Spain (Fretey, 1986; Guillaume, 1987 Guillaume, , 1997 . The insular lizard P. h. atrata from Columbretes (off Castellón, SE Spain) was recently raised to speci c rank (Castilla et al., 1998) . Pérez-Mellado (1981) separated the greenish Bocage wall lizard P. bocagei Seoane, 1884, a species endemic to NW Iberia, from the sympatric P. hispanica. Guillaume (1987) suggested this NW Iberian P. hispanica to be its 'lusitanica' form. Finally, Pérez-Mellado and Galindo (1986) grouped all Iberian forms under the nominal subspecies, including P. h. atrata, but leaving P. h. vaucheri as a subspecies exclusive to NW Africa. This taxonomic status remained unchanged in the literature (e.g. Pérez-Mellado, 1997 Barbadillo et al., 1999) .
Here we analyse some morphological data (biometry, scalation and chromatic patterns) obtained from Portuguese samples of P. hispanica, to test for morphological differences among groups of local populations.
Material and methods
Sampling. A total of 360 adults of P. hispanica longer (snout-vent lengths) than 46 mm were captured (using a running knot). Each local sample contained 24 males and 12 females. Differences in sexual ratio probably re ect differences in capture ef ciency (Galán, 1986; Pérez-Mellado and Galindo, 1986) . Podarcis hispanica was sampled from 10 sites all over its Portuguese distribution range: (SG) Serra do Gerês, (SA) Serra do Alvão, (SL) Serra da Lapa, (SC) Serra do Caramulo, (SE) Serra da Estrela, (BU) Buarcos, (ET) Estoril, (SI) Sines, (EV) Évora and (PT) Portalegre ( g. 1).
Morphology. The rst author (PSS) made all linear measurements (to avoid variability among observers) with callipers to the nearest 0.05 mm, following Pérez-Mellado and Gosá (1988) . Thirteen biometric variables were measured ( g. 2): SVL (snout-vent length); HL (head length); SD (lateral distance of the head-side); HW (head width); OW (inter-orbital) width; FW (inter-frontal width); NW (inter-nasal width); HD (head depth); OD (orbital depth); FD (frontal depth); ND (nasal depth); HDL (hand length); and HLL (hind limb length). Scalation was assessed through 11 variables, using a xed 5£ magnifying glass. There were seven unilateral linear counts: DOR (dorsal scales around mid-body); GUL (gular scales along the throat midline); COL (large scales in the collar); VTR (inner ventral scales counted longitudinally); TAI (caudal scales around the fth whorl of the tail); L4F (lamellar scales beneath the fourth nger); and L4T (lamellar scales beneath the fourth toe). There were four bilateral counts (the sum of scales in both sides): TPL (supratemporal scales); GRA (supraciliary granules); CIL (supraciliary scales); and FPO (femoral pores). A total of 11 characters of chromatic patterns were recorded ( g. 2): dorsal patterns (four variables) found on the BDS (black dorsal stripes), LDS (light dorsal stripes), MBZ (mid-back zone) and FKZ ( ank zone); BGS (blue or green spots on the outer ventral scales); black pigmentations (two variables) that occur on CEP (cephalic plates) and VTP (ventral scales), as well as body colorations (four variables) that dye the LDSC (light dorsal stripes), MDC (mid-back), FKC ( ank) and VTC (belly).
Statistical analyses. Each sex was analysed separately, due to P. hispanica sexual dimorphism (Pérez-Mellado, 1997 . Biometric variables were log-transformed; a Multivariate Analysis of Covariance (MANCOVA) was performed to evaluate the biometric distinctiveness of the samples, using SVL as covariate (see Pérez-Mellado et al., 1993; Sokal and Rohlf, 1995; Dytham, 1999) . Samples were compared (45 paired-combinations) using Scheffé's test (Sokal and Rohlf, 1995; Dytham, 1999) . Squared Mahalanobis distances (MD 2 ) were calculated to the sample centroids (Mascort et al., 1999) . MD 2 takes into account correlations among the biometric variables, and is independent of their relative scales (Legendre and Legendre, 1998) . UPGMA and the 'complete'-linkage methods were used on the MD 2 values to detect phenetic relationships (De Luca and Grbac, 1995) . Stinebrickner consensus trees between both UPGMA and 'complete'-linkage trees were obtained in order to increase the validity of cluster analysis (Rohlf, 1993) . Finally, a canonical variate analysis (CVA) was used to elucidate the pattern of biometric variation among samples (see Taylor and Buschman, 1993; Mascort et al., 1999) . The nonparametric Kruskal-Wallis ANOVA (Analysis of Variance on Ranks) was used to analyse scalation data that showed a signi cant deviation from normality (Kolmogorov-Smirnov test) and from homogeneity of variance (Levene test), in spite of variables being previously squared-root transformed (Siegel and Castellan, 1988; Dytham, 1999) . The nonparametric Student-Newman-Keuls' like test (nSNK) was used to test for pairwise signi cant differences among samples (Siegel and Castellan, 1988) . A Multiple Correspondence Analysis (MCoA) was used to reduce the original set of 11 nominal chromatic variables to a 3D space. In this way, objects within the same category were plotted close to each other, whereas objects in different categories were plotted far apart (Legendre and Legendre, 1998) . This MCoA used an iterative procedure (Meulman and Heiser, 1999) .
Results
Males. Descriptive statistics of the biometric variables are given in Appendix 1. Signicant multivariate differences were found for biometry (MANCOVA, Wilks' Lambda D 0.0834, P < 0:001). The head variables HL, OD, SD, HD and FD showed differences across the paired-comparisons of samples (23 to 33 pairs), while HDL did not (5 pairs) (Scheffé tests, F D 4:30 to 38.21, P < 0:001). Few variables (2 to 6) were found different between the samples SA-SG and SC-SL, between these and EV-PT-SI, or between the latter and SE-BU-ET. On the contrary, several variables (10-13) discriminated all other pair-wise combinationsof samples. The consensus tree based on the MD 2 distances groups two major types (table 1, g. 3): type 1 includes the 'Serra' samples (SA-SC-SL-SG), while type 2 comprises the lowland populations (BU-ET-EV-PT-SI), to which the sample of Serra da Estrela (SE) is linked. The rst three canonical variates (CV1-3) accounted for about 80% of the total variance (60, 12 and 8%, respectively). The rst canonical variate discriminated the two types (tables 2 and 3, g. 4): the positive part of the CV1 separated the mountain type 1 and it was characterised by the greatest value for SVL (1.228); its negative part refers to the lowland type 2, showing the lowest values for HL (¡0:588), OD (¡0:579), HLL (¡0:556) and HD (¡0:482). The second canonical variate has higher loadings of ND (0.592) and OW (0.362), but lower loading of SVL (¡1:089) and HLL (¡0:310). The sample SE scored between type 1 and type 2 (table 3, g. 4).
Descriptive statistics for the scalation are given in Appendix 2. Scalation showed higher intra-sample variation than did biometry (see CV values). Signi cant univariate comparisons (Kruskal-Wallis ANOVA's, H's D 34.93 to 110.30, P < 0:001) were found for several variables of scalation (e.g. DOR, GRA, L4T, TAI), comprising 24 to 39 pairs of samples. Otherwise, VTR and CIL did not vary among samples. The scalation variables did not show any clear pattern of geographic variation for the samples. The chromatic data are summarised in Appendix 3. For male samples, the chromatic variation pattern is consistent with the biometric pattern in splitting the samples into two types, leaving the sample SE in between ( g. 5). In the rst correspondence variate (MCo1), coloration variables such as MBC (0.754), FKC (0.748) and VTC (0.614) account for most of the variation. Type 1 has positive mean scores, while type 2 has negative ones (tables 4 and 5). MCo2 emphasises the differences among samples mainly based on the dorsal patterns: BDS (0.494), LDS (0.515) and MBZ (0.606).
Females. On average, females had lower biometric measures than males (Appendix 1; MANCOVA, Wilks' Lambda D 0.0357, P < 0:001). As in the case of males, the head variables HL, OD, SD, HD and FD were signi cantly different in 17 out of 26 pairs of samples (Scheffé tests: F D 3:66 to 14.51, P < 0:001). Differences within types were considerably lower (1-2 variables) than between types (7-13 variables). The sample SE did not differ from type 2 and diverge from type 1 in 4 to 8 signi cant variables. The MD 2 consensus tree splits the samples into types 1 and 2 (table 2, g. 3). The rst three canonical variates (CV1-3) account for about 87% of the total variance (58, 20 and 9%, respectively). The rst canonical variate discriminates the female samples by respectively shifting to negative (type 1) and positive (type 2) loadings (tables 2 and 3, g. 4). The second canonical variate has higher loadings of NW (1.082), SVL (0.485) and ND (0.468), while it has lower loadings of SD (¡0:947), HL (¡0:440) and FD (¡0:428). In general, the females had lower number of scales than males, except for the higher number of ventral scales (Appendix 2). Unlike the males, the scalation hardly differs in the paired comparisons of female samples, the number of femoral pores (FPO) was the most variable character (21 pairs of samples). The chromatic patterns also split the female samples into two types (1 and 2), but the sample SE had intermediate scores between both types ( g. 5). The mean scores are positive for the type 1, while they are negative for the type 2 (table 4). MCo1 combines higher contributionsfrom (table 5) 
Discussion
The head pro le of P. hispanica was often assessed with only three variables HL, HW and HD (Galán, 1986; Gosá et al., 1986; Pérez-Mellado and Galindo, 1986; Salvador, 1986; Martínez-Rica and Laplaza, 1989 ). Here we added more head variables (e.g. OW, FW, NW, OD, FD, ND) that discriminate two types of P. hispanica in Portugal. Type 1 has a attened head (and body), and it is often found in rupicolous habitats in NW Iberia where often some sympatric ground-dwelling lizards such as P. bocagei, P. carbonelli or P. muralis occur (Galán, 1986; Gosá et al., 1986; Pérez-Mellado, 1997 Barbadillo et al., 1999; Sá-Sousa, 2000 . Type 2 has a head (and body) more robust, being more ubiquitous in its use of Mediterranean habitats in SW Iberia, where it often is the only Podarcis species (Guillaume, 1997; Sá-Sousa, 2000) . Differences in scalation among samples of P. hispanica were not clear, merely local/ecological variation was found (see Thorpe et al., 1991) . Only the number of dorsal scales and of the supraciliary granules of the males supported the separation into two types. All these scalation results contrast, for example, with the clinal pattern found in P. sicula ) and they do not have a taxonomic value such as in the case of the Iberian rock-lizards Archaeolacerta (Arribas, 1993 (Arribas, , 1996 Brown and Pérez-Mellado, 1993; Pérez-Mellado et al., 1993) . Why females of P. hispanica tend to be non-divergent in scalation is dif cult to assess on the basis of the current data.
The different chromatic patterns t each of the types: type 1 presented dark dorsal patterns (e.g. reticulated, eyeled, striped) and whitish-pearly belly, while type 2 showed green or yellow-brown patterns and yellow-orange belly. The chromatic patterns are often explained by the processes of sexual selection, social structure, speci c recognition, ecological background crypsis, etc. (Bauwens et al., 1987; Cirer and Martínez-Rica, 1990; Cooper and Greenberg, 1992; Galán, 1995) . Why the dorsal patterns of the type 1 seem to match the background pattern of the granitic outcrops where it usually lives, while the green patterns of the type 2 are probably adaptative in a Mediterranean environment, is a question that remains untested. But, if the dorsal coloration can in uence crypsis with substrate and/or vegetation cover, the lizard populations that have different use of habitat may progressively diverge López-Jurado and Mateo, 1992; Davenport and Dellinger, 1995) .
The two morphotypes of P. hispanica found in Portugal have parapatric distributions, which are largely explained by environmental factors, showing a narrow zone of contact (Sá-Sousa, 2000) . The morphotype 1 is found in northern Portugal, where either highlands or Atlantic environmental conditions prevail. This lizard was also reported in Galicia and in the mountain range of 'Sistema Central', agreeing to the form 'lusitanica' described by Guillaume (1987) and Géniez (2001) . The morphotype 2 occurs in central and southern Portugal and Spain, where Mediterranean conditions are typical (Sá-Sousa, 2000; Géniez, 2001) .
In addition, these two morphotypesrepresent highly divergent lineages showing 10-15% pairwise sequence divergence within the cytochrome b gene (Harris and Sá-Sousa, 2001a) . Indeed, the Iberian P. hispanica is a paraphyletic species complex, although the four identi ed morphotypes detected so far are monophyletic (Harris and Sá-Sousa, 2001b) .
However, the sample SE (from Vale Rossim, Serra da Estrela, 1400 m alt.) is either intermediate between both morphotypes or it has the type 2 pattern, particularly in the males. We do not know if that pattern is widespread in the whole Serra da Estrela, though some robust specimens were recorded in the Sistema Central (Pérez-Mellado and Galindo, 1986; Pérez-Mellado, 1998). If both morphotypes of P. hispanica meet in a zone of contact in Portugal (see Sá-Sousa, 2000) , the sample SE might constitute an example of intergradation (e.g. biometry like type 2 joined with the chromatic patterns like type 1). Only further genetic data will be able to clarify this case. A similar situation was found in Rijeka (Croatia) between two subspecies of P. muralis (De Luca and Grbac, 1995) .
In conclusion, we argue in face of the present data that: 1) P. hispanica needs taxonomic revision; 2) two types of P. hispanica were found in Portugal and morphologically differ from each other; 3) these morphotypes comprise divergent molecular lineages and have parapatric distributionsand thus 4) two distinct (sub)species (see Mayr and Ashlock, 1991) may occur in Portugal and elsewhere in western Iberia. 
